Introduction {#S1}
============

Diabetes is a major global health problem which the world is facing today. India is regarded as the diabetic capital of the world \[[@R01]\]. The emergence of type 2 diabetes mellitus (T2DM) in India, coinciding with the country\'s rapid economic development in the past several decades, is often characterized as a modern epidemic resulting directly from westernization \[[@R02]\]. The severity of the present situation in the Indian context can be judged from the alarming figures wherein, diabetes was directly responsible for 109,000 deaths, 1,157 years of life lost and 2,263 disability adjusted life years, in the year 2004 \[[@R03]\]. One of the major risk factor for T2DM is obesity. Clinical evidence indicates a stronger association of diabetes with central obesity than general obesity \[[@R04]\]. There are 380 million people in the world expected to have diabetes by 2025 \[[@R05]\]. In spite of a relatively lower rate of obesity as defined by Body Mass Index (BMI) cut points, South Asians tend to have larger waist measurements and waist-to-hip ratios (WHR), indicating a greater degree of central body obesity \[[@R06]\]. This is associated with a characteristic metabolic profile with higher insulin levels, a greater degree of insulin resistance, and a higher prevalence of diabetes \[[@R06]\]. Over the next 10 years in India deaths from chronic disease will increase by 18% - most markedly, deaths from diabetes will increase by 35% \[[@R07]\]. Simple anthropometric measurements have been used as surrogate measurements of obesity and have more practical value in both clinical practice and for large-scale epidemiological studies \[[@R08]\]. BMI is a simple method which is used to calculate the prevalence of overweight and obesity in the population. Waist circumference (WC) is the best measure of both intra-abdominal fat mass and total fat \[[@R08]\]. But BMI can be misleading, such as in individuals with a high proportion of lean muscle mass \[[@R09]\]. WC, a more accurate measure of the distribution of body fat, has been shown to be more strongly associated with morbidity and mortality \[[@R09]\]. Recently, the waist-to-stature ratio (WSR) has been proposed as a better screening tool than WC and BMI for adult metabolic risk factors \[[@R10]\]. The present study is aimed to compare the association between T2DM and different anthropometric measurements and evaluate the practicability and usefulness of these measurements in clinical practice and public health.

Methods {#S2}
=======

This was a case control study comprising of 51 cases prospectively recruited from the hospital and 51 controls also recruited prospectively from the local community (Case control in the ratio of 1:1). Institutional ethical committee clearance was obtained (IEC 123/2014) before the initiation of the study. Written informed consent was obtained from all the study subjects. Information pertaining to socio-demographic characteristics and anthropometric measurements was collected by personal interviews using a pre-designed questionnaire.

CASES: PATIENTS WITH TYPE 2 DIABETES MELLITUS - HOSPITAL {#S2a}
--------------------------------------------------------

Cases were recruited from a tertiary care referral hospital in South India. Cases were the patients diagnosed with T2DM attending the tertiary care referral hospital. Inclusion criteria for cases was, age ≥ 20 years of both gender diagnosed with T2DM at least since two years, willing to participate and attending the Out Patient Department (OPD) clinic of Department of Medicine at the tertiary care referral hospital. Patients of T2DM having severe co-morbidities like stroke, chronic renal diseases and chronic lung diseases at the time of recruitment into the study; referred patients to the medicine OPD who came to the hospital due to other illness and pregnant females were excluded from the study. Cases were interviewed in the hospital and additional details about investigations, complications, etc. were obtained from OPD patient records for cases.

CONTROLS: SCREEN NEGATIVE FOR DIABETES - COMMUNITY {#S2b}
--------------------------------------------------

Controls were the individuals not having T2DM, selected from the community in the field practice area of Department of Community Medicine. Controls were defined as individuals\' ≥ 20 years of both gender, willing to participate and who were not suffering from type 2 diabetes mellitus. Diabetes was ruled out by screening the participants at the time of enrolment into the study by random blood glucose (RBS) estimation using a glucometer (Accu-Chek Active Blood Glucose Monitoring System). Subjects with RBS \< 7.8 mmol/l \[[@R11]\] were eligible to be included as controls. Controls were approached by house to house survey in the field practice area of Department of Community Medicine, Kasturba Medical College, Manipal, which is operational for the last 50 years, and covers a population of 50,000.

Blood pressure was measured for all subjects in the study using a standardized mercury sphygmomanometer in the right arm in sitting posture. If the recorded blood pressure is ≥ 140/90 mm Hg (18.6/11.9 KPa), repeat blood pressure reading was taken after five minutes.

STATISTICAL ANALYSIS {#S2c}
--------------------

Data was entered and analysed using Statistical Package for Social Sciences (SPSS) version 15 (SPSS Inc, Chicago, IL, USA) for Windows. Sample size was calculated by anticipating standard deviation of 0.09 and difference of 0.05 in WHR to be significant for power of 80% and 95% confidence interval, 51 cases and 51 controls (1:1 ratio) were recruited, group matched for gender.

All the variables were measured according to World Health Organization (WHO) guidelines and quality control was maintained during collection of data \[[@R12]\]. All the measurements were taken over light clothing. Weight was measured by mechanical weighing scale in kilograms to the nearest 0.5 kg, without footwear with the scale being placed on a firm flat surface. Height was measured by a measuring tape against a flat vertical surface and recorded in centimetres, to the nearest 0.1 cm. Waist circumference was measured by a measuring tape and recorded in centimetres, to the nearest 0.1 cm, at the mid-point between coastal margin and iliac crest. Hip circumference was measured by a measuring tape and recorded in centimetres, to the nearest 0.1 cm, at the level of maximum circumference of the ischial tuberosity of the participant.

The following ratios were calculated:

-   WHR: waist circumference (cm)/hip circumference (cm);

-   WSR: waist circumference (cm)/Height (cm);

-   BMI: weight (kg)/height (m^2^).

CRITERIA FOR DEFINING OBESITY {#S2d}
-----------------------------

-   BMI ≥ 25 kg/m^2^ - overweight and BMI ≥ 30 kg/m^2^ - obese \[[@R13]\].

-   WSR ≥ 0.90 for males and ≥ 0.85 for females (truncal obesity) \[[@R14]\].

-   WC \> 90 cm in males and \> 80 cm in females (central/ abdominal obesity) \[[@R14]\].

-   WSR \> 0.5 \[[@R10]\].

-   Blood pressure was classified according to Joint National Committee VII (JNC VII) criteria \[[@R15]\].

Results {#S3}
=======

The study included 51 cases and 51 controls. Socio-demographic details of cases and controls were similar as depicted in [Table I](#T1){ref-type="table"}. The cases and controls were group matched by gender. Nearly 70% of cases belonged to age group of 40-59 years, while controls constituted 45% in the same age bracket. Hinduism being the predominant faith followed in the entire country is reflected in the study area too. Nearly one third of the population (37.3%) was illiterate among the cases, while control population in the community was more literate (86%).

###### 

Socio-demographic characteristics of the study population.

  -----------------------------------------------------------
  Demographic\                      Cases\       Controls\
  characteristics                   (n = 51)\    (n = 51)\
                                    n (%)        n (%)
  --------------------------------- ------------ ------------
  Age group (years)\                1 (2)\       19 (37.2)\
  20-39\                            35 (68.6)\   23 (45.1)\
  40-59\                            15 (29.4)    9 (17.6)
  ≥ 60                                           

  Gender\                           25 (49)\     26 (51)\
  Male\                             26 (51)      25 (49)
  Female                                         

  Religion\                         48 (94.1)\   50 (98.0)\
  Hindu\                            0 (0)\       1 (2)\
  Sikh\                             3 (5.9)      0 (0)
  Christian                                      

  Education\                        6 (11.8)\    1 (2)\
  Graduate and above\               26 (50.9)\   43 (84.3)\
  Elementary (1st to 12th Class)\   19 (37.3)    7 (13.7)
  Illiterate                                     

  Occupation\                       1 (2)\       1 (2)\
  Professional/White collared\      2 (3.9)\     8 (15.7)\
  Business\                         13 (25.5)\   14 (27.5)\
  Skilled\                          2 (3.9)\     1 (2)\
  Semiskilled\                      2 (3.9)\     1 (2)\
  Coolie/Unskilled\                 31 (60.8)    26 (51)
  Not currently employed                         

  Marital Status\                   51 (100)\    48 (94.1)\
  Married\                          0 (0)        3 (5.9)
  Unmarried                                      

  Socio-economic status\            16 (31.4)\   12 (23.5)\
  Low\                              30 (58.8)\   39 (76.5)\
  Middle\                           5 (9.8)      0 (0)
  High                                           
  -----------------------------------------------------------

The distribution of various occupation categories among cases and controls was similar. Over half of the study population belonged to the middle socio-economic category as per the modified Udai-Parikh scale used for socio- economic status assessment. The scale uses a scoring pattern based on household possessions, education and occupation of the eldest member of the family.

Among 75% of the subjects, the duration of diabetes was less than ten years. Among the cases, 63% were being treated only by oral hypoglycaemic agents while 31% were both on insulin and oral hypoglycaemic agents. Hypertension (37%) was the most common co-morbidity among the cases as documented in the records. None of the diabetic subjects had their blood glucose levels within the suggested normal limits, as per the tests-fasting blood sugar (FBS), post prandial blood sugar (PPBS), random blood sugar (RBS) and glycated haemoglobin (HbA1c) mentioned in the patient records.

According to BMI categories ([Tab. II](#T2){ref-type="table"}) the proportion of cases with BMI ≥ 25 kg/m^2^ among cases was 55% as compared to controls among whom only 21.6% individuals had BMI ≥ 25 kg/m^2^ and this association was found to be statistically significant, with the odds being highest when BMI was ≥ 30 (p \< 0.05).

###### 

Association between anthropometric variables among cases and controls.

  --------------------------------------------------------------------------------------------------------------
  Anthropometric variables           Cases\       Controls\    Chi-square\   p value   Odds ratio   95%CI
                                     n (%)        n (%)        value                                
  ---------------------------------- ------------ ------------ ------------- --------- ------------ ------------
  BMI category (Kg/m^2^)\            3 (5.9)\     14 (27.5)\   16.65\        0.001\    0.27\        0.07-1.10\
  Underweight (\< 18.5)\             20 (39.2)\   26 (51)\     \             \         1.00\        \
  Normal (18.5-24.99)\               14 (27.5)\   8 (15.7)\    \             \         2.27\        0.79-6.47\
  Overweight (≥ 25)\                 14 (27.5)    3 (5.9)                              6.06         1.53-24.03
  Obese (≥ 30)                                                                                      

  WC\                                13 (25.5)\   28 (54.9)\   9.18\         0.002\    1.00\        1.54 -8.22
  Normal\                            38 (74.5)    23 (45.1)    \             \         3.56         
  Abnormal (M ≥ 90 cm) (F ≥ 80 cm)                             \             \                      

  WHR\                               9 (17.6)\    10 (19.6)\   0.06\         0.799\    1.00\        0.42-3.08
  Normal\                            42 (82.4)    41 (80.4)    \             \         1.14         
  Abnormal (M ≥ 0.90) (F ≥ 0.85)                                                                    

  WSR\                               6 (11.8)\    18 (35.3)\   7.84\         0.005\    1.00\        1.46-11.42
  Normal\                            45 (88.2)    33 (64.7)    \             \         4.09         
  Abnormal (\> 0.5)                                                                                 
  --------------------------------------------------------------------------------------------------------------

The proportion of cases with more than normal waist circumference ([Tab. II](#T2){ref-type="table"}) was 74.5% as compared to 45.1% healthy individuals and this association was also found to be statistically significant (p \< 0.05). Statistically significant association was also noted with WSR, but not with waist hip ratio ([Tab. III](#T3){ref-type="table"}).

###### 

Cut-off values, sensitivity and specificity for different anthropometric measures.

  Anthropometric measure   Cut-off value   Sensitivity   Specificity
  ------------------------ --------------- ------------- -------------
  BMI                      21.85           82%           65%
  WC                       89.75           70%           65%
  WHR                      0.94            60%           53%
  WSR                      0.54            74%           57%

BMI and WC were identified to have good sensitivity and specificity irrespective of gender ([Tabs. IV](#T4){ref-type="table"}, [V](#T5){ref-type="table"}).

###### 

Cut-off values, sensitivity and specificity for different anthropometric measures among males

  Anthropometric measure   Cut-off value   Sensitivity   Specificity
  ------------------------ --------------- ------------- -------------
  BMI                      22.07           76%           66%
  WC                       91.25           76%           74%
  WHR                      0.95            72%           54%
  WSR                      0.54            76%           62%

###### 

Cut-off values, sensitivity and specificity for different anthropometric measures among females.

  Anthropometric measure   Cut-off value   Sensitivity   Specificity
  ------------------------ --------------- ------------- -------------
  BMI                      22.28           80%           68%
  WC                       83.5            73%           60%
  WHR                      0.94            46%           48%
  WSR                      0.54            73%           56%

The area under the curve for BMI, WC and WSR was 0.787, 0.734 and 0.737 respectively ([Fig. 1](#F1){ref-type="fig"}) as per the Receiver Operator Characteristics (ROC) curve analysis for both gender. Among males ([Fig. 2](#F2){ref-type="fig"}) all the anthropometric measures were found to have similar sensitivity, while among the females ([Fig. 3](#F3){ref-type="fig"}) BMI was found to be the most sensitive marker fo rT2DM (Area = 0.818). WC and WSR were also good in assessing the risk of diabetes. WHR was not found to be suitable marker for T2DM among females.

![ROC curve for both gender.](2421-4248-58-E56-g001){#F1}

![ROC curve for males.](2421-4248-58-E56-g002){#F2}

![ROC curve for females.](2421-4248-58-E56-g003){#F3}

Discussion {#S4}
==========

The present study identified WC, WSR and BMI to be associated with T2DM than WHR. The odds of a diabetic individual having high waist circumference was 3.56 times more as compared to a non-diabetic individual.

Different anthropometric cut-off values for various ethnic groups and populations, always makes comparisons difficult and limits generalizability. In most of the studies BMI performed poorly as an anthropometric predictor for T2DM which was in contrast to the present study where BMI was found to be the sensitive marker for diabetes and especially among females. In the Uppsala study \[[@R16]\] they concluded that overweight (BMI 25- 30 kg/m2) or obese men (BMI 30 kg/m2) without metabolic syndrome were at increased risk for diabetes which were comparable with our results. In the present study, WHR was not a sensitive marker for T2DM. But there are contrasting views on this anthropometric measure in literature \[[@R01], [@R17]\].

WC was found to be a significant predictor of T2DM in a systematic review \[[@R18]\] and a prospective cohort study \[[@R19]\] which was concurring with the present study findings. Results from a systematic review \[[@R10]\] and a multi ethnic cohort study \[[@R20]\] identified WSR to be a more useful clinical screening tool similar to the present study.

The present study was an effort to identify the discriminatory power of various anthropometric measures and its association with T2DM, using hospital cases and community controls. Despite the small sample size, undisputedly waist circumference may be endorsed as the single most convenient, feasible measure that could be used across communities for its significant association with T2DM.

Generalizability of the results is a limitation of the study because of the smaller sample size and due to disparities in various cut-offs used to define obesity in the available literature. Assessment of glycaemic control was intended to be assessed using investigation reports available from patient\'s files, but could not be done satisfactorily due to discrepancies in data records. A cohort study with a larger sample size is recommended to determine the optimal cut-off points for the various anthropometric measurements specific for the Indian population.

Conclusions {#S5}
===========

Among the various anthropometric measurements, BMI was found to have the best discriminatory power. WC and WSR were also found to be sensitive markers. WHR was not a sensitive marker especially for females. So, waist circumference as a single measure could be advocated due to simplicity of measurement and usage either in hospital or community settings.
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